Background and objective: For practical policy purposes variables describing disability and impairment should be aggregated into broader factors. By using data from a Norwegian mandatory system the objective of this study was to analyse whether the number of factors describing the need for long-term care differs between recipients of home care and nursing home residents and according to the age or gender of long-term care recipients. The hierarchical order of the variables within each factor is determined to assess whether there are important informational gaps in the description of recipients. Methods: Data are from a mandatory system characterizing all recipients of public long term care in Norway. Two groups of public care recipients were included: elderly (67 years and older) individuals receiving home care services (N = 2,493) and patients in nursing homes (N = 1,218). Exploratory factor analysis (EFA), Confirmatory factor analysis (CFA) and item response analysis (IRT) were used to determine the number of factors and the hierarchical structures of the variables. Results: Two factors were sufficient to characterise need for both nursing home residents and home dwelling elderly. This result is not sensitive to stratification by age and gender. IRT analysis revealed large informational gaps suggesting that the used instrument fails to sufficiently capture important aspects of user needs. Conclusions: Factorization suggests that all elderly long term care users can be adequately described along two dimensions; on reflecting physical disability and one reflecting cognitive impairment. However, both the number of factors and the variable contained in each factor are likely to depend on the instrument used to characterise LTC users. Large informational gaps suggest a need to supplement the national information system used in Norway.
INTRODUCTION
Using data from a mandatory system used to characterize individual users of long term care in Norway (the IPLOSsystem), the objective of this article is to analyse whether the number of factors describing the need for long-term care differs between recipients of home care and nursing home residents. Furthermore whether there are differences between those aged 67-79 and those aged 80+, and also whether there are differences between men and women. Through this analysis we assess how variables describing physical disability and cognitive impairment can be grouped in broader factors for the purpose of financing and planning of long term care services. Finally we discuss the IPLOS system in terms of how well it describes the full spectrum of the variables that are important in the assessment of user needs.
Both disability and cognitive impairment have consistently been found to be strong predictors of the use of long-term care services. [1] [2] [3] [4] [5] Although the scores on a variety of separate variables are important for individual assessment and follow-up, some form of aggregation/grouping of variables is convenient if this information is to be used for planning purposes, financing or population-based resource allocation. This raises the question of how disability and impairment variables can be grouped together and also how many separate factors that are needed to sufficiently capture needs. What is also important, from a policy perspective, is whether the grouping of variables and the number of factors differ between different types of users.
Disability is commonly evaluated according to a range of functional capabilities, e.g., activities of daily living (ADL), mobility and instrumental activities of daily living (IADL). Indeed, many of the available instruments use ADL/IADL variables to describe disability, most built on the works of Katz, Lawton and Barthel. [6] [7] [8] Cognitive impairment can be evaluated according to, e.g., the Mini Mental State Examination (MME), the Cognitive Performance Scale (CPS) and diagnoses. [9, 10] Some instruments also include variables that capture both disability and cognitive impairment, e.g., The Functional Independence Measure (FIM), The Functional Autonomy Measurement System (SMAF) and The Activity Measure for Post-Acute Care (AM-PAC). [11] [12] [13] [14] There is a large literature that analyses how ADL, mobility and IADL variables can be aggregated into broader factors. The literature, however, is largely inconclusive, suggesting they may be grouped in from one to three unique factors. [15] [16] [17] One explanation for the conflicting results may be differences in the underlying set of variables that describe disability or cognitive impairment. Whereas ADL variables describe basic self-care activities and mobility, the IADL variable sub-domains are often less precisely defined. [18, 19] Moreover, some instruments include variables that describe social factors and/or cognitive impairment under the IADL heading, and thus, the reason for not combining ADL and IADL into one common factor could be because the latter can include social [20, 21] or cognitive variables. [14, 17, [22] [23] [24] [25] The number of factors needed to describe needs may also vary between different types of users, depending on setting (home care vs. nursing home), age or gender. Again, the literature provides conflicting results on this topic. [13, 15, 21, 26, 27] In practical use, there will be a trade-off between an instrument that includes multiple variables and covers a wide spectrum of needs and a more parsimonious instrument that reduces the administrative burden. [19] Measures of ADL, mobility, IADL and cognitive impairment have been shown to vary in their ability to detect disability. [13, 16, [28] [29] [30] Thus, important variables may be missing in the instruments that are used ("gaps"), and the aggregated factors may consequently be less precise.
In Norway, the provision of public long-term care is decentralised to 428 municipalities. Since 2006 municipalities have been required to assess user needs using a standardised national registration system (IPLOS) that contains 15 variables describing physical disability and cognitive impairment. [31] While the primary purpose with IPLOS was to provide local and central authorities with information about long term care use and long term care users, the potential for using the system for financial purposes was also considered. Intentionally the idea was to link IPLOS to the Resident Assessment Instrument (RAI) and the Resource Utilization Groups system (RUG). [32] [33] [34] In the final version, however, the selected ADL variables had clear similarities with those used by Katz, Lawton and Barthel. [6] [7] [8] Characterisation of disability in IPLOS is based on the principles described by the World Health Organization's (WHO) classification of disabilities. [35] The IPLOS system is unique for Norway, the most similar system is the Canadian SMAF. [12] While IPLOS is now an established tool in the assessment of individual user need, [36] it is still rarely used by municipalities in aggregate planning, monitoring or financing of services.
METHODS
The data obtained covered all recipients of long term care aged 67 years or older in the municipality of Trondheim. The first group comprised 2,493 persons who received public home care (home-dwelling elderly). The second group consisted of 1,218 elderly who received long-term care in nursing homes (1,152 persons) or sheltered housing units (64 persons). Together, these two groups constitute approximately 18% of the elderly aged 67 years or older who lived in Trondheim at the time of the study. A quantitative crosssectional design was used.
Data were collected during a four-week period in October 2012. Data are routinely registered for all individuals who receive public nursing home or home care services. We utilised the 15 variables (see Table 1 ) that described disabilities related to ADL (variables 1-4), mobility (variables 5-6), IADL (variables 7-9), and cognitive and behavioural impairment (variables 11-15). Variable 10, "maintaining one's own health", is similar to Lawton and Brody's original IADL variable "responsibility for own medications", [7] but it has a broader definition. It is not clear whether this expanded variable should be interpreted as an IADL or a cognitive variable. The 15 variables were scored using a five-point scale. Higher scores imply lower capability and scores of three or higher indicate the need for assistance. A score of one indicates no need for help, and a score of two indicates that the person is capable of performing the task but with difficulties. Scores are updated whenever the recipient's condition changes. The data contained no missing values. All personnel who registered the data had been licensed and trained by the municipality's authorisation program. [37] All recipients were scored according to their potential capacity to perform the tasks described in each variable.
Data analyses
Data were analysed using the following procedure. The datasets were randomly divided into two halves. First, the number of factors was established using exploratory factor analysis (EFA) on one half of the datasets. [38] Because data were ordinal, polychoric rather than Pearson correlation was used. [39] The number of factors to retain was determined based on combining the Kaizer criteria, a parallel analysis and a scree plot. [40] The parallel analyses were conducted with 50 randomisations. Variables were grouped into one factor if their factor loading was higher than 0.40. [40] Internal consistency was tested with Cronbach's alpha and was computed for each factor, based on the factors for which the variables showed the highest loading. Cronbach's alpha values above 0.70 were interpreted as good, and values above 0.90 were considered very good. [41] Secondly the factorisations from the step 1 were tested by use of confirmatory factor analysis (CFA) on the other half of the sample. We used a Root Mean Square Error of Approximation (RMSEA) to test the covariance of the model against the covariance of the sample. As a measure of the residual correlation we used Standardized Root Mean Square Residual (SRMR). Chi squared tests which is often used could be inflated by high sample size, and a Comparative fit index (CFI) is considered as more prober for large samples. [40, 42] CFI was used to compare the model with a more restrictive model assuming no covariance among the variables. [40, 43, 44] RMSEA should be as low as possible preferable below 0.06 and the upper 90% confidence interval should be 0.10 or below. SRMR should be as low as possible preferable 0.10 or below and the CFI should be close to 0.90 or higher. [16, 40] We used both a maximum likelihood and quasi-maximum likelihood with robust standard errors procedure to correct for the effect of nonlinearity of the standard errors. The two methods produced nearly the same values. The results from the maximum likelihood are presented.
To determine the hierarchical order of the variables, we used item response theory (IRT). IRT analysis requires a dichotomy in the responses; thus, all recipients of care were categorised as either disabled (score 3 to 5) or non-disabled (score 1 or 2) for each variable. Both one-parameter logistic (1PL) and two-parameter logistic (2PL) IRT models were estimated. Our main interest was the parameter that describes variable (or item) difficulty, β (see Tables 2 and 3 ). This parameter measures, in standard deviations, the distance from the overall mean score (standardised) on the latent variable θ (disability/impairment) when the probabilities of scoring "need for help" (score 3-5) or "no need for help" (score 1-2) are equal (i.e., 50%). [45, 46] Thus, higher β values are associated with more difficult tasks (variables). There are no clear guidelines for the recommended size of the gaps between items, although some reports have suggested values between 0.15 and 0.30. [30, 47, 48] The analyses were performed with SPSS version 21. IBM Corp. Armonk, NY. and Stata 13.1 StataCorp. College Station, TX.
The study was approved by the Regional Committee for Medical and Health Research Ethics (REK) and the Ombudsman for Research at the Norwegian Social Science Data Services (NSD).
RESULTS

Descriptive statistics
About 2/3 of elderly receiving home care and nearly 3/4 of elderly in nursing home were female (see Table 4 ). The average score of all 15 variables were 2.1 for home dwelling elderly and 3.5 for those living in nursing home.
The average score for each of the 15 disability/impairment variables was generally higher (indicating greater needs) for the elderly in nursing homes than for the home-dwelling elderly. Table 1 shows that the data were non-normal; thus, the use of polychoric correlation based on maximum likelihood may lead to biased estimates. Still, polychoric correlation is often preferred for ordinal data. [49] Because of the correlations between the factors, an oblique rotation was used in the EFA (direct oblim with δ = 0). [50, 51] Estimated factor loadings are shown in Tables 5-7. The EFA indicated that the 15 variables could be grouped into two factors for both the home-dwelling elderly and the elderly who lived in nursing homes. For both groups, the eigenvalue for a third factor was below Kaizer's eigenvalue criteria, at 0.34 and 0.67, respectively. A two-factor model was supported by both the parallel analysis and the scree plots (not presented here). For both groups, the first factor consisted of disability variables (ADL, mobility and IADL) and the second of cognitive and behavioural variables. For the elderly individuals who lived at home, the variable "shopping" demonstrated loadings above the threshold of 0.40 on both factors, it also had high loadings on both factors for those who lived in nursing homes. The results from the EFA analysis for home dwelling elderly and nursing home residents related to age and gender is in Tables 6 and 7 . Due to small sample sizes it was not possible to do an age-group or gender-specific CFA on the nursing home residents. However for the home dwelling elderly results were nearly identical for the two age groups as well as for men and women. These results are shown in Table 3 . Table 1 . Characteristics of the study sample, share of recipient who score 1 and 2 and share of recipient who score 3, 4 and 5,with the average score and 95% confidence interval (C.I.). Home care (N = 2,493) and nursing home residents (N = 1,218) Cronbach's alpha values were between 0.79 and 0.94, thus all but one was well above the recommended level of 0.70.
Dimensionality
The results from the CFA analysis partly confirmed the results from the EFA analysis. For the home dwelling elderly both the RMSEA and SRMR results supported the two factor model. For the nursing-home residents the CFA results did not clearly support the two factor model from the EFA analyses. However, the covariance between the two factors was 0.59, and a CFA testing whether a composite (one-factor) model gave an even poorer fit (results not shown).
Hierarchical ordering of the variables and gaps
IRT analysis was conducted separately for each of the factors. Because the differences between the 1PL and 2PL models were negligible, only the 1PL results are presented (see Table  8 ).
For both groups of elderly, "housekeeping" was found to be the most difficult disability task, whereas "eating" was the least difficult. For the cognitive variables, "maintaining own health" was the most difficult, whereas "behavioural control" was the least difficult task. Generally, all variables were relatively more difficult for those who lived in nursing homes than for the home-dwelling elderly. Large differences between the item difficulty parameters (β) identified areas in which the IPLOS instrument could be said to lack precision. For the home-dwelling elderly, there were larger gaps than recommended at both ends of the disability scale. For patients in nursing homes, there were smaller gaps between the most difficult variables but larger gaps between the moderately difficult variables.
DISCUSSION
Grouping users of long-term care according to their needs is useful for policy makers for planning, financing and monitoring purposes. With a variety of available instruments that describe disability and cognitive impairments the literature is inconclusive as for how such a grouping should be done. Our analyses are based on the Norwegian IPLOS system, but the challenges in long term care facing policy makers are similar in other countries, thus we believe that our comparison of recipients of home care and nursing home provide insight beyond a specific Norwegian setting. The existing literature is inconclusive as to whether disability, as expressed through ADL and IADL variables, represents one, two or even more dimensions in describing needs for the home-dwelling elderly. [15] [16] [17] Our findings show firstly, the need for both home health and institutional care for the elderly can be described by using two factors; one containing variables related to physical disability, and one containing variables related to cognitive impairment. Thus factorization seems to be independent of whether care is provided at home or in nursing homes. Secondly, the distinction between the "younger elderly" (67-80), and the "older elderly" (80+) does not seem to be important when choosing neither the number of factors nor the variables contained in each factors. Thirdly, we find no systematic differences between men and women in the characterization of user needs. Thus both the number of factors and the variables contained in each factor seems to be the same for men and women. Others has found that more factors are needed to describe needs for females than males related to household activities. [21] This difference could be related to different social structures between countries. Our analysis supports previous studies that found that ADL and mobility variables constitute a common dimension in describing the service needs for the home-dwelling elderly and for nursing home residents, whereas the IADL variables could both be physical and cognitive depending on the recipients being analysed. [23] [24] [25] Furthermore, our results indicate that behavioural problems can be grouped with other cognitive variables for elderly users. This finding is in contrast to others, who has found that aggressive behaviour could be treated as a separate dimension for nursing home residents. [52] This further underscores the point that some IADL variables have a strong cognitive element. Thus, the distinction between physical and cognitive variables may be more relevant than that between ADL, IADL and cognitive variables. This could explain why some variable as for instance shopping is a physical disability for some recipients while it appears as a cognitive dimension for others.
The IPLOS system contains 15 variables describing disability and cognitive impairment. Although other instruments will contain different variables, we still believe that our analyses suggest that a common factorization is applicable for the population 67+. For policy makers this means that a common "case-mix system" based on this factorization can be developed for planning, financing and monitoring the use of long-term care services for this group.
We found that the hierarchical ranking of variables to be quite similar between home dwelling elderly and those living
Published by Sciedu Press at nursing homes. There was one exception namely cooking which was considered as medium difficult for home dwelling elderly, while it emerged as the second most difficult task for those living in nursing homes. This is in contrast to others who found that cooking, unlike other tasks, was considered as less difficult in a nursing home setting than among home dwelling elderly. [53] However, the level of difficulty for performing different tasks was generally higher for the elderly living in nursing homes. This result suggests that the transition from home care to nursing home care is attributable to a general worsening of disability more than to a sudden change in the capacity to perform specific tasks, and thus that setting (home vs institutional care) in our case is a proxy for severity. These findings are in accordance with others. [53] Among home dwelling elderly there were small differences in gaps and no differences in hierarchical ranking stratified by gender or age (results not shown), which is in accordance with others. [26] Large differences between the difficulty parameters of the variables studied highlight areas where the IPLOS system could have a low level of precision. When instruments show gaps between the least difficult variables, it becomes more difficult to separate between the least disabled individuals; conversely, gaps between the most difficult variables make it more difficult to distinguish between the most disabled persons. [14, 30, 54] This scenario may be related to both the number and the types of variables included. [14] For both groups of elderly, we found relatively large gaps at both ends of the physical disability measures. For the home-dwelling elderly, the difference between eating and indoor mobility was large, although we consider this to represent a minor problem. As shown in Table 1 , approximately 96% of homedwelling elderly were capable of eating alone, and most of those living in nursing homes were also able to eat by themselves. For the home-dwelling elderly, the gap between housekeeping and shopping was more striking, as approximately 70%-90% of home-dwelling recipients required help with housekeeping or shopping. This large gap could make it more difficult to differentiate among the least disabled. Large gaps for the least and most disabled home-dwelling elderly persons have also been detected in studies using other instruments, suggesting that this problem is not specific to the IPLOS system. [29, 55] For patients in nursing homes, the gaps were large between the most difficult variables. The large gap between the most difficult variables-housekeeping, cooking, personal hygiene and outdoor mobility-could be related to the fact that the two first are IADL variables and that very few individuals actually need to perform these tasks in a nursing home setting. We found, in Table 1 , that nearly 100% of those living in nursing homes required help with these tasks.
We also observed that there were relatively large gaps between the cognitive variables for the two groups of elderly individuals. Thus, the IPLOS system does not appear to be well suited for detecting differences between users with severe cognitive impairment. One possible solution, when there are gaps, could be to split the variable in question into multiple "sub"-variables, e.g., a possibility is to split indoor mobility into three separate variables. [21] In a more general analysis 166 ADL/IADL variables were analysed and identified potential variables that could be included in disability instruments to reduce information gaps. [28] After a variable is split, the system may be more capable of identifying differences between both the most and least severely disabled recipients.
In Norway today, a composite score of all 15 IPLOS variables is used to describe "severity". [56] However, our results show that this may lead to an inaccurate picture of both severity and the resulting need.
A strength of this study is that analysis are based on everyday use of a system that is mandatory. Thus, we also believe that results should be applicable in Norwegian long term care. There are, however, also some caveats in our approach. Firstly, the IPLOS system contains fewer variables than other frequently used instruments; in particular, it contains fewer IADL variables. Thus, frequently used IADL variables such as "handling money" and "using phone/internet" can be indirectly included in "shopping", and the variable "maintaining own health" has a broader definition than the frequently used IADL variable "responsibility for own medications". These variables have been reported in some studies to be included in a separate "cognitive" IADL dimension in addition to other "physical" IADL variables. In contrast, IPLOS includes variables related to cognitive and behavioural functioning, which enables us to test IADL variables against cognitive impairment. Further the IPLOS system does not have information of other potential determinants of need as e.g., medication and education. Secondly, the data analysed in this study were a specific Norwegian setting; therefore, we cannot confirm their representativeness for other settings. Thirdly, Although IPLOS, as other instruments, have gaps along the continuum, comparison with other instruments was not possible with the available data. Further research should compare IPLOS against other reliable instruments.
CONCLUSION
Factorization suggests that all elderly (67 years and older) long term care users can be adequately described along two dimensions; one reflecting physical disability and one re-flecting cognitive impairment. However both the number of factors and the variable contained in each factor is likely to depend on the instrument used to characterise LTC users.
The IRT analysis showed minor differences in the hierarchically structure between home dwelling elderly and nursing home residents. On the other hand IRT analysis revealed large information gaps between the different variables in the system currently used in Norway. Especially it seems less suited to discover differences in need among the less disabled home dwelling elderly. Thus, there is a need to supplement the design of the IPLOS system preferably with variables from other reliable instruments.
